Abstract-In this paper, we introduce and evaluate a community-based music voting service that relies on a DHTbased peer-to-peer network. Each community is created as a separate DHT overlay that is connected to a specific entertainment premise such as a cafeteria. A small-scale user testing was conducted in a laboratory environment to examine the attitudinal, social and perceived behavioral control factors associated with the community-based music voting service. Data was collected using questionnaires and short group interviews. The results indicate that the community-based services are seen attractive, and the service as such a very interesting and applicable idea, but the functionality would need to be enhanced.
INTRODUCTION
The emergence of new mobile services has grown fast, but not as quickly as it was predicted at the turn of the millennium [1] [2] . On one hand, the development has been the delayed due to the lack of high-end mobile devices that hold the processing capabilities and fast wireless interfaces required for more versatile m-services [3] [4] . With the introduction of 3G networks, the situation has however changed. For instance, in Finland, the share of 3G-capable mobile handsets has become a majority only in a few years time period due to the handset bundling [5] . On the second hand, mobile business has been seen as a very challenging area because users' perceptions of the added value of the emerging m-services are hard to predict. This reflects the fact that the most of the m-services are totally new to the users [6] .
In this paper, we present a mobile community-based music voting service (later referred as music voting service) and the results of a small-scale user evaluation. In short, the music voting service enables users to vote for music in location-based communities such as cafeterias and restaurants. The user evaluation was conducted in a fictitious cafeteria that was established in a laboratory environment. As a research model, a decomposed version of the Theory of Planned Behavior (TPB) was utilized [7] [8] [9] . TPB model focuses on the attitudinal, social and perceived behavioral control factors that were associated with the intentions to use the music voting service.
The rest of the paper is organized as follows: Section II introduces the music voting service and Section III the research model along with the related hypotheses. Section IV presents the results of the user evaluation, and finally, Section V the discussion and some conclusions.
II. THE MUSIC VOTING SERVICE

A. Description of the Architecture
The music voting service has been built upon a converged P2P and Web service architecture [10] . The community management and service discovery functionalities are provided by a P2P overlay network that relies on the Kademlia DHT algorithm [11] . Each community is created as a separate overlay that is then connected to a location-based community and the provided services. The actual end-user application is implemented as a web service. The communication between the web service and the P2P network takes place through a middleware component called P2P Daemon. More details about the P2P Daemon have been described in [10] .
The P2P Daemon has a web-based configuration interface which provides means for managing the communities and services manually. For instance, the owner of a cafeteria could create a new community by entering the identifier or the name of the community and information regarding the semi-automatic community joining mechanisms. The community joining procedure can be conducted either with Bluetooth or RFID technologies. After the creation of the community, the configuration interface can also be used for publishing community-specific services only available to the members. An external, but also a core component of the music voting service is a system called DJOnline that is a commercial virtual disc jockey system. In brief, DJOnline offers means for controlling the music played in the entertainment premises. DJOnline also implements a SOAP interface that can be used to get information about the music played, playing and to be played in a particular entertainment premise. Furthermore, the information about the voting events is retrieved from DJOnline. The music voting service also utilizes the functionalities of a general voting service for registering the votes and for retrieving the results of the voting events. The architecture of the music voting service is illustrated in Fig. 1 .
B. Description of the Application
The end-user application of the music voting service provides a playlist of the music played, playing and to be played in the user's current community. In the playlist, only the names of the songs are shown, but by selecting a song, a user can get more information such as the name of the artist, the genre of the music and the release year of that particular song. In addition, the actual voting events are also presented in the playlist. By selecting a voting event, the user is shown the voting options to choose from. After the user has provided her/his vote to one of the available songs, she/he can observe the progress of the voting event in real-time.
The end-user application is mainly implemented with PHP and AJAX to achieve a desktop-like application that is interactive and easy to use. The user interface of the end-user application can be seen in Fig. 2 . 
III. RESEARCH MODEL AND HYPOTHESES
A. Theory of Planned Behavior
TPB has been extended from the Theory of Reasoned Action (TRA) by adding the construct of perceived behavioral control as a determinant of behavioral intention [9] . The roots of TRA are in the social psychology, but both TRA and TPB have also been successfully applied in engineering to examine the individual's acceptance of technology. The other two constructs defined by TPB are attitude towards the behavior and the subjective norm. [7] More detailed descriptions about the three constructs are given in the subsection III.B.
In this study, the Decomposed Theory of Planned Behavior (DTPB) is utilized. What distinguishes DTPB from TPB is the decomposition of attitude, subjective norm, and perceived behavioral control into an underlying belief structure within technology adoption contexts [7] . Thus, DTPB examines more thoroughly the dimensions of the three main constructs. The defined belief structure in the DTPB is illustrated in Fig. 3 . 
B. Hypotheses and Statements
Perceived Playfulness
Perceived playfulness (PPF) stands for an individual's subjective experience concerning the human-computer interaction [12] . When dealing with an entertainmentoriented service, PPF has an important role in both encouraging the usage and developing an attitude towards the system [13] . The PPF has also been discovered a significant factor affecting the usage of WWW for entertainment purposes [14] . Thus, we expect that the following hypothesis will apply: 
Perceived Usefulness
In the literature, Perceived Usefulness (PU) has been defined in slightly different scales. According to the Technology Acceptance Model (TAM) [15] , PU stands for the degree to which the system is seen to improve the job performance. This definition is rather limited and would exclude PU from our case, since the developed service is clearly more entertainment-than professionally-oriented. However, also a broader view can be taken, where PU is seen as some value that the product or the service introduces to the individual user [16] . Based on the latter definition, we expect that following hypothesis will apply: 
Image
Image (IM) can be seen as the degree to which the usage of an innovative product is seen to contribute to an individual's image or status in one's social system [17] . Mobile device manufacturers have noticed the significance of image and have identified different user groups that value different aspects of the mobile devices [8] . We predict that the same trend also fits to mobile services, and thus expect that following hypothesis will apply: 
Perceived Price Level
The price of the service could be seen as a sacrifice that is given to be able to take advantage of a particular service. It has been recognized that the price is clearly a subjective concept and very often described with qualitative measures instead of pure numbers. [18] Therefore, users' individual perceptions on the relation of the perceived price level (PPL) and the predicted benefits greatly affect their attitude towards the service [13] . 
Friend Influence
When adopting a new innovation or a service, the beliefs of individual users are strongly influenced by their reference groups [19] . When related to adoption of Internet technology, these reference groups can be, for instance, peers, friends, supervisors and top management [8] . However, in the case of a mainly leisure-time entertainment service, only friend influence (FI) was seen relevant to the context. Thus, the following hypothesis is expected to apply: 
Cultural Influence
Cultural influence (CI) takes friend influence to the next level, and is more concerned about the values and norms of the whole society. Cultural values do not only determine the behavior that is acceptable in particular situations, but also influence how we interact with other members of our society [20] . In addition, culture has been seen to have a strong influence on motivations, lifestyles, and even product choices [21] . Thus, we expect that following hypothesis will apply: 
Internet Experience
When interacting with a computer system for the very first time, people are inclined to feel embarrassed and stressed. After becoming more familiar with the system, interaction is likely to become easier and more spontaneous [22] . It has also been recognized that people take more positive stand towards systems that are compatible with the ones earlier adopted and used [23] . Since people are less reluctant to adopt new systems and services that utilize familiar the technologies, we expect that earlier experience on the Internet (IE) will have an important effect: 
Mobile Experience
The theory presented in context of internet experience applies also to mobile experience (ME), but it has to be noted that familiarity in the fixed domain does not guarantee competence in the mobile domain. Thus, Internet and mobile experience needs to be examined separately. The two domains are distinguished by different screen sizes, input mechanisms and processing capabilities [24] . Therefore, mobile handsets and services may appear challenging to use for beginners. Thus, we expect that following hypothesis will apply:
H8: Mobile experience is positively associated with perceived behavioral control.
ME1: I think that I am an experienced user of small mobile devices such as PDAs, Communicator etc. ME2: I use Internet daily with my mobile phone. ME3: I use Internet with other mobile devices such as PDA, Communicator etc.
Attitude, Subjective Norm and Perceived Behavioral Control
Finally, the behavioral intention (BI) to adopt the music voting service is defined with three factors: attitude (ATT), subjective norm (SUN) and perceived behavioral control (PBC). ATT describes a person's feeling or perception towards the usage of the music voting service [9] . SUN describes the social influence that may have effect on the intentions to adopt the music voting service [8] . PBC, in turn, reflects the person's perception of the ease or difficulty to use the music voting service [9] , and also whether the person holds the resources or skills needed to use the service. Thus, we expect that following hypotheses will apply: 
C. Collection of Data
An online questionnaire was used to collect the respondents' background information. The experiences gained were collected right after the user testing using a questionnaire, now with 5-point Likert scale ranging from Strongly disagree to Strongly agree. Additionally, a group interview was held in order to backup the questionnaire and to provide some additional development ideas. The group interviews were recorded and lettered afterwards.
IV. RESULTS
A. Testing Environment
The small-scale user testing took place in November 2008, in the city of Oulu, Finland. The user testing was conducted in a fictitious cafeteria that was established in a laboratory environment. In addition to the tables and chairs, the room was equipped with a sound system, an LCD television and Nokia N810 Internet Tablets. The sound system was naturally used for playing the music the respondents could affect by voting, LCD television for showing the playlist in a larger public screen and the mobile devices for using the music voting service. The test users were divided into groups of 3 or 4 people and were given 25 minutes time period to spend in the fictitious cafeteria. Within that time period, they could vote for the music at least four times, since the songs played were shorter versions.
B. Demographics
There were 11 test users in total, 4 female and 7 male ones. The demographic profile in Table 1 indicates that the test users were mainly young Finnish students from the age group of 20-29 (82%). The technology adoption was estimated using two questions concerning the usage routines of mobile devices and services. The major part of the test users, according to our evaluation, belongs to the groups of early majority and late majority. The test users were not especially technologyoriented according to their occupation.
C. Validity of the Research Model
Before further analyzing the constructs of the research model, the internal consistency of the constructs was examined using the Cronbach's alpha coefficients. The Cronbach's alpha coefficients are used to "test the stability of individual measurement items across replications from the same source of information" [13] . It is recommended that the Cronbach's alpha coefficients should not be less than 0.80 [25] .
The construct validity was also tested with a factor analysis. The construct validity indicates whether the constructs really measure what they intended to measure. In the exploratory factor analysis, an Eigen value of more than 1.0 was used as a determinant criterion. For each factor, the loading should exceed the value 0.60 [13] . Due to internal consistency and construct validity testing, some of the items were dropped. Testing results are summarized in Table 2 . 
D. Hypotheses Testing
In order to test the claimed hypotheses, we conducted multiple regression analyzes using SPSS 16.0. The regression analysis was conducted by testing each item of each construct to clarify the overall effect of the construct in the research model. After defining the influence of each of the constructs, the achieved values of the standardized coefficient , t-value, and the adjusted R-square were combined into Table 3 . Hypotheses H1-H4 examine the constructs affecting ATT. According to the regression analysis, PPF ( = 0.540) and IM ( = 0.547) seem to have a clear influence on ATT. However, PUF ( = -0.814) unexpectedly have a dominating negative effect on ATT. Thus, H2 do not apply. The effect of PC on ATT was negative as expected, but the t-value was so low that the effect could not be treated statistically significant. In addition, the group interviews revealed a basic assumption that the potential service fees for voting should be automatically included in the prices of other services provided, for instance, in a cafeteria.
Hypotheses H5-H6 investigate the constructs affecting SUN. Both FI ( = 0.878) and CI ( = 0.041) have positive effect on SUN as predicted, however, FI clearly dominating. Again, the t-value of CI was too low to consider the effect of CI on SUN statistically relevant. In any case, it also appeared in the group interviews that the test users did not recognize or seem to care much about the cultural aspects. In turn, the importance of using the music voting service together with friends appeared several times in every group interview.
Hypotheses H7-H8 study the links related to PBC. Again, both constructs IE ( = 0.135) and ME ( = 0.621) have a positive effect on PBC as expected. However, ME have clearly a dominating effect with much better statistical significance.
The hypothesized relationships H9-H11 between BI and ATT, SUN as well as PBC bring forth some interesting aspects. SUN ( = 0.450) and PBC ( = 0.641) have an explicit positive effect on BI, but ATT ( = -0.491), on the contrary, a negative one. Thus, H9 so not apply. ATT is clearly dominated by PUF that have a strong negative effect. Even though PPF and IM were considered important, the value of PUF also reflects the test user comments gained through the group interview. The general opinion was that the music voting service is a very interesting and applicable idea, but in its current composition, not useful enough. The standardized coefficients in the research model are shown in Fig. 4 . 
V. DISCUSSION AND CONCLUSION
The aim of this paper was to present and evaluate a mobile community-based music voting service that enables users to vote for music in location-based communities such as cafeterias and restaurants. The music voting service has been built upon a converged P2P and Web service architecture. For the evaluation, the decomposed Theory of Planned Behavior was utilized.
The findings from the small-scale user testing indicate that even though the playfulness and the image of an entertainment service are important, also the usefulness aspect needs to be considered. Thus, it is highly important to consider the actual value the user is provided with. It was also interesting to recognize that the test users had so clear opinion concerning the pricing of the service; the price should be included in the pricing of other services provided. We predict that this was the cause for the very low influence of the perceived price level on the attitude towards the service usage.
The attractiveness of novel community-based services was clearly visible in the strong influence of friends on the usage intentions. However, cultural norms did not seem to have a significant influence on the test users. Finally, it appears that the people have become so familiar with the Internet that the adoption of novel web-based services is not seen as an obstacle. In addition, the web-based applications created with technologies such as AJAX bear similarity with the familiar desktop applications. However, it has to be noted that the median age of test users was 25 years, and the young people tend to be more accustomed with Internet technology.
In any case, the experience with mobile devices still seems to have a significant effect on the usage intentions.
As a conclusion, the mobile community-based music voting service was seen as an interesting and applicable idea, but the actual service needs further improvements. Since the number of test users was quite small (11) for quantitative analysis, the results should be considered preliminary providing guidelines for the future development of community-based multimedia services. For the future work, we plan to develop the service further and conduct a user testing with larger group of people in a real usage environment.
